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Abstract
Objective-To determine the effect of income

inequality as measured by the Robin Hood index and
the Gini coefficient on all cause and cause specific
mortality in the United States.
Design-Cross sectional ecological study.
Setting-Households in the United States.
Main outcome measures-Disease specific

mortality, income, household size, poverty, and
smoking rates for each state.
Results-The Robin Hood index was positively

correlated with total mortality adjusted for age
(r=054; P<0.05). This association remained after
adjustment for poverty (P<0.007), where each
percentage increase in the index was associated with
an increase in the total mortality of 21*68 deaths per
100000. Effects of the index were also found for
infant mortality (P=0.013); coronary heart disease
(P=0.004); malignant neoplasms (P=0.023); and
homicide (P< 0.001). Strong associations were also
found between the index and causes of death amen-
able to medical intervention. The Gini coefficient
showed very little correlation with any of the causes
ofdeath.
Conclusion-Variations between states in the

inequality of income were associated with increased
mortality from several causes. The size of the gap
between the wealthy and less well off-as distinct
from the absolute standard of living enjoyed by the
poor-seems to matter in its own right. The findings
suggest that policies that deal with the growing
inequities in income distribution may have an
important impact on the health ofthe population.

Introduction
A small number of cross national studies have

suggested a relation between income distribution and
life expectancy: the greater the gap in income between
the rich and poor in any given society the lower the
average life expectancy.'-5 In one study of 11 countries
in the Organisation of Economic Cooperation and
Development a strong inverse correlation was found
between income inequality-as measured by Gini
coefficients of income after tax standardised for differ-
ences in household size-and average life expectancy.2
This association seems to be independent of that
between absolute income and life expectancy. In other
words, it matters not only how well off a country is but
also how economic gains are distributed among its
members.
The mechanisms underlying the association

between income distribution and mortality are poorly
understood.67 For instance, it is not clear whether
income distribution is related to particular causes of
death, such as infant mortality,'8 more than other
causes. Published studies to date have focused almost
exclusively on average life expectancy or overall
mortality and have failed to report data on specific
causes of death. Previous studies also have entailed
comparisons across different countries, raising the
question of comparability and completeness of income
data. We examined the relation between income distri-

bution and all cause and cause specific mortality within
the United States.

Methods
SOURCES OF DATA
Data on income, household size, and poverty were

obtained from the 1990 United States census popu-
lation and housing summary tape file 3A. This file
provides annual data on household incomes for 25
income intervals. Counts of the number of households
that fall into each income interval along with the total
aggregate income and the median household income
were obtained for each state. These data were used to
calculate the Gini coefficient and the Robin Hood
index. The Gini coefficient and the tenths of income
distribution used in deriving the Robin Hood index
were calculated by using the Gini and income distri-
bution software developed by E Welniak (unpublished
software, United States Census Bureau, 1988). This
program was developed specifically to be used with
aggregate census data to generate Gini coefficients and
income distributions.
The file also contains statistics on household size and

poverty in which households are classified as being
above or below the poverty level based on the revised
federal poverty index originally developed by the
Social Security Administration in 1964. The current
poverty index is based purely on income from wages
and does not reflect other sources of income such as
non-cash benefits from food stamps, Medicaid, and
public housing. Poverty thresholds are updated
annually to reflect changes in the consumer price
index. The poverty variable we used represents the
percentage of households in a given state that were
below the federal poverty level. In 1990, this repre-
sented an income of less than $13 359 for households
with four family members.9

All of the data on mortality adjusted for age for 19.90
for each state were obtained from the compressed
mortality files compiled by the National Center for
Health Statistics, Centers for Disease Control and
Prevention (CDC). The data were obtained from their
database with the CDC WONDER/PC software.'0
Data on prevalence of smoking in each state were

obtained from the centre's smoking information page,
available on the Internet. The data are from the current
population survey (1989) and reflect the percentage of
adults aged 18 years and older who are current
smokers.

MEASURES OF INCOME DISTRIBUTION
We examined the relations of total and cause specific

mortality with two alternative measures of income
distribution: the Robin Hood index" and the Gini
coefficient. The Robin Hood index was estimated from
state specific data on the shares of total household
income arranged by tenths of the distribution (see
appendix, table Al for the example of Massachusetts).
The index is calculated by taking those groups whose
share of the total income exceeds 10% then adding the
excess of these shares over that level. In the example of
Massachusetts, the value of the index is 30-26%
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(appendix, table Al). This value approximates the
share of total income that has to be taken from those
above the mean and transferred to those below the
mean to achieve equality in the distribution of
incomes." The higher the value of the index the less
egalitarian is the distribution of income. The Gini
coefficient is another commonly used summary
measure of income inequality where higher values
indicate greater inequalities in income distribution (see
appendix for its derivation).

ALL CAUSE AND CAUSE SPECIFIC MORTALITY

All mortalities were directly standardised for age to
the United States population and expressed as the
number of deaths per 100000 (except in the case of
infant mortality, where death rates are expressed per
1000 live births). In addition to all cause mortality we
examined the following major causes of death:
coronary heart disease (defined by codes 410-414 ofthe
International Classification of Diseases, 9th revision
(ICD-9)); cerebrovascular disease (ICD-9 codes
430-438); malignant neoplasms (ICD-9 codes
140-239); and homicide (ICD-9 codes E960-969).
The association of income inequality with mortality

may be partly mediated by lack of access to medical
care. We tested this hypothesis indirectly by examin-
ing the relations of income inequality to causes of death
amenable to medical intervention.'14 The specific
causes of death examined were infectious and parasitic
diseases (ICD-9 codes 001-139); tuberculosis (ICD-9
codes 010-018 and 137); pneumonia and bronchitis
(ICD-9 codes 480-486 and 490); and hypertensive
disease (ICD-9 codes 401-405).

DATA ANALYSIS

Ordinary least squares regression was used to
examine separately the relations of the Robin Hood
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Fig 1 Mortality by
inequality (Robin Hood
index) in United States
(abbreviations are for each
state) Robin Hood index

Table 1-Effects of Robin Hood index adjusted for poverty

Cause of death (ICD-9 code) 3 (SE) t(P value) Adjustedil F247 P value

Total mortality 21-68 (7-68) 2.82 (0-007) 0.27 9.91 <0.008
Infant mortality 0.45 (0-17) 2.59 (0-013) 0.20 7.31 <0.002
Heart disease (410-414) 9.96(3-27) 3.06(0-004) 0.18 6.20 <0.004
Malignant neoplasms (140-239) 5.09 (2-18) 2.34 (0-023) 0.07 2.73 <0.075
Cerebrovascular disease

(430-438) 0.77 (1-01) 0.762 (0-449) 0.08 3.06 <0.056
Homicide (960-969) 2.22 (0-38) 5.78 (0-000) 0.52 27-09 <0.000

Table 2-Effects of Robin Hood index adjusted for poverty and smoking

Cause of death e (SE) t (P value) Adjusted e F3, P value

Total mortality 11-83 (6-14) 1.93 (0-060) 0.567 22-36 <0.000
Infant mortality 0.31 (0-17) 1.87 (0-068) 0.32 8.52 <0.000
Heart disease 8.44 (3-33) 2.53 (0.015) 0.21 5.24 <0.003
Malignant neoplasms 2.36 (1-77) 1.33 (0-189) 0.43 13-22 <0.000
Cerebrovascular disease 0.38(1.04) 0.366(0-716) 0.09 2.68 <0.058
Homicide 2.11 (0-39) 5.26(0-000) 0.52 18-60 <0.000

index and the Gini coefficient to measures ofmortality.
Two sets ofmodels were examined for each outcome of
interest. In the first set of models we adjusted for the
proportion of households in each state with incomes
below the federal poverty level (which was defined as
an annual household income of less than $13 359 for a
family of four in 1990). In the second set ofmodels we
adjusted for poverty as well as the state specific
prevalence of smoking, median household income, and
household size. Wherever appropriate, we examined
mortality separately by race (white v black).

Results
ROBIN HOOD INDEX

The Robin Hood index for the United States overall
in 1990 was 30-22% (range 27-13% forNew Hampshire
to 34.05% for Louisiana). The index had a significant
correlation with total mortality adjusted for age
(r=0-54; P<0:05) (fig 1). The association of the index
to total mortality remained highly significant after
adjustment for poverty in our regression model: each
percentage increase in the index was associated with an
increase in total mortality of 21-68 deaths per 100 000
(95% confidence interval 6-63 to 36.71) (table 1). The
bivariate association of the index with total mortality
was similar for both black people (r=0-39; P<0-05)
and white people (r=0-46; P< 0-05). When the effects
of poverty in each state were controlled for, the relation
of the Robin Hood index to total mortality in black
people (13=44-57; 95% confidence interval 12-57 to
76-57) was greater than to mortality in white people
(1= 15-04; 1-69 to 28-40). Adjustment for median
household income and household size in each state did
not materially alter these results (data not shown).

Strong associations with the index were also found
for infant mortality (P=0-013); coronary heart disease
(P=0-004); malignant neoplasms (P=0-023); and
homicide (P < 0-001) (table 1). In the case ofhomicide,
the index variable alone explained 52-4% of the
variance between states. The index was strongly
associated with homicide rates among both black
people (13=6-51; 2-82 to 10-18) and white people
(13=1-81; 1-14to2-48).
Adjustment for smoking prevalence in addition to

poverty generally attenuated the coefficients for total
and cause specific mortality (table 2). As expected,
smoking was an independent predictor of total
mortality (1B= 12-37; P< 0-0001) as well as deaths from
cancer (13=3-42; P<0-0001). The association of t} e
Robin Hood index with total mortality was of border-
line significance (,B=1 1-84; P=0-06). The index
continued to be a powerful predictor of overall
mortality from coronary heart disease (13=8-44;
P=0-0148), although the association was confined to
white people (13=9-36; P=0-009), the value being
=13457 (P=0-471) for black people. Less egalitarian
states continued to show higher rates of homicide, both
among white people (13=1-82; P<0-0001) and black
people (13=6-29; P=0-002).

GINI COEFFICIENT

The Gini coefficient for the United States overall was
0-43 in 1990 (range 0-38 for Minnesota to 0-50 for
Louisiana). Contrary to previous reports based on
comparisons among European nations,2 the Gini
coefficient showed little correlation with any of the
mortality outcomes in these data, with the exception of
homicide (table 3).
The apparent discrepancy in findings with the Gini

and the Robin Hood index was partly accounted for by
differences in the meaning of the two measures. The
Gini coefficient in these data was sensitive to the
income accruing to the extremes of the distribution:
a correlation of -0-92 with the proportion of income
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Table 3-Effects of Robin Hood index on treatable causes adjusted for poverty and
smoking

Disease (ICD-9) 1 (SE) tIP value) Adjusted e F3 P value

Infectious diseases (001-139) 4.57 (0-79) 5.80 (0-000) 0.39 11-49 <0.000
Hypertensive disease (401-405) 1.32 (0-53) 2.49 (0-016) 0-22 5.52 <0.003
Tuberculosis (010-018, 137) 0.15 (0-04) 4.04 (0-000) 0-44 13-55 <0.000
Pneumonia and bronchitis

(480-486, 490) 1.38 (0-48) 2-87 (0-006) 0.10 2.81 <0-050

earned by households in the bottom 10% of the
population and 0 93 with the proportion of income
earned by the households above the 90th centile. On
the other hand, the Gini coefficient correlated only
modestly with the proportions of income earned by the
bottom 50% and 60% of households (r=0-27 and
-0-29, respectively).
The situation with the Robin Hood index was the

reverse of that with the Gini coefficient: the index
was highly correlated with the proportions of income
earned by the bottom 50%, 60%, and 70% of house-
holds (r=0.99) but not with the proportion of income
earned by the most poor (bottom 10%). The corre-

lation between the Robin Hood index and the Gini
coefficient was modest (r= 0-29).

TREATABLE CAUSES OF MORTALITY

Strong associations were found between the Robin
Hood index and all of the indicators of treatable causes

of mortality, which were independent of poverty and
prevalence of smoking (table 4). No associations were

found between the Gini coefficient and treatable causes

ofdeath (data not shown).

Table 4-Correlations between cause of death and Gini
coefficient

Cause of death r P value

Total mortality -0.03 0.83
Infant mortality 0.06 0.67
Heart disease 0.09 0.52
Malignant neoplasms -0.19 0.18
Cerebrovascular disease 0.16 0.26
Homicide 0.28 0.04
Infectious diseases 0.08 0.60
Hypertensive disease 0-10 0-47
Tuberculosis 0.24 0-09
Pneumonia and bronchitis -0.05 0.70

Discussion
The relation between absolute living standards and

mortality is well established.'5 The effects of relative
deprivation on mortality, however, have been less well
understood. Our study extends the findings of
previous reports245 in showing the association of
income inequality (at least as measured by the Robin
Hood index) to total and cause specific mortality within
one country.
The mechanisms of the association between income

inequality and mortality have not been completely
elucidated.7 Although the Robin Hood index corre-
lated with poverty (r=0-73) and smoking (r=0-30),
suggesting a potential problem due to multicolinearity,
examination of the tolerance statistics and standard
errors of the index regression coefficient when the
poverty and smoking variables were entered into the
model did not indicate that this was a serious problem.
Several of the associations with cause specific mortality
-in particular, coronary heart disease and homicide-
remained significant after adjustment for these
variables. We also estimated the regression models by
adjusting for median household income and household

size (data not shown) with essentially the same results.
Although some researchers advocate the use of
equivalency scales to take into account differences in
household size, such scales ignore the effects of
economies of scale. In our analyses there was no

evidence that cross state variations in household size
were related to mortality or measures of inequality.

Regions with a higher proportion of black residents
tend to be overrepresented among the states with a

high Robin Hood index (fig 1); none the less, when
we stratified the analyses by race the association of the
index with outcomes such as homicide remained just
as strong for white people as for black people. In
the case of coronary heart disease the association of
the index with mortality was actually confined to white
people.
Income distribution may be a proxy for other social

indicators, such as the degree of investment in human
capital. Communities that tolerate large degrees of
inequality in income may be the same ones that tend
to underinvest in social goods such as public education
or accessible health care.'6 Our findings with regard to
treatable causes of mortality suggest that lack of access
to medical care may indeed be part of the mechanism
by which income inequality produces higher mortality
(although the contribution of treatable causes of death
to overall mortality was rather small).
A limitation of the present study is its cross sectional

design so that caution must be exercised in the
interpretation of the observed associations. Some
states may have a high proportion of sick people for
reasons other than the hypothesis under investigation,
and the less egalitarian distribution of income in such
states merely reflects the reduced earning capacity of
sick people, who are also at higher risk of dying.
Further work should attempt to incorporate time
series analyses of income inequality and mortality
trends.
Another limitation of the present ecological study is

its potential susceptibility to aggregation bias and
unknown sources of confounding.'7 To some extent,
aggregation of data is unavoidable in studies of this
type since the main predictor of interest-namely,
income dispersion-is itself an ecological variable.
None the less, the ideal study design would incorporate
collection of data at the individual level on other
predictors of health, including health behaviours (such
as smoking and drinking), access to health care, and
social class.

CHOICE OF MEASURE OF INCOME INEQUALITY

An unexpected finding of this study was that the
choice of the measure of income inequality affected
the relation with mortality. Thus strong associations
were found between the Robin Hood index and
cause specific mortality but not by using the Gini
coefficient.
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Key messages

* Inequality in the distribution of income
explains a significant proportion of the cross
state variance in several causes of mortality
independent ofpoverty and smoking
* The size of the gap between the wealthy and
less well off-as distinct from the absolute
standard of living enjoyed by the poor-seems to
be related to mortality
* Policies that deal with the growing inequities
in income distribution may have a considerable
impact on the health ofthe population

1006



TableAl-Data on
derivation ofRobin Hood
index for Massachusetts

Percentage of
Tenth total Income

1 1.08
2 2.48
3 4.13
4 5.74
5 7.33
6 8.97
7 10-83
8 13-09
9 16-41
10 29-93

Previous studies have used different measures of
income inequality (such as the Gini coefficient or the
proportion of income earned by the bottom 60% of
households) without detailed justification for the
choice of measure."8 In practice, it is recognised that
there is a wide choice of indices to measure income
inequality, but there is no consensus that a single
measure, such as the Gini coefficient, ought to be
standard.'9 Instead, the selection of the measure of
income dispersion should be dictated by the under-
lying theory of cause of disease.
We found that the Gini coefficient was highly

correlated with the proportion of income earned by the
bottom 10% ofhouseholds and hence acts as a proxy for
extreme deprivation. By contrast, the Robin Hood
index correlated much more with the share of income
earned by most of the population. Although the wide
choice of inequality indices creates the hazard that
researchers will use the measure that proves the result
they wish to find, our findings suggest that, at least in
the United States, the use of the Gini coefficient may
result in more of a test of the effects on health of
extreme deprivation rather than relative deprivation.
As a measure of income inequality the Robin Hood
index has a plausible interpretation. For instance, the
findings for mortality from coronary heart disease
(adjusted for poverty and smoking) imply that a
redistribution of incomes in the United States to
achieve a reduction in the Robin Hood index (from
30% to 25%, which is roughly equivalent to the
Robin Hood index in England) would be associ-
ated on average with about a 25% decline in age
adjusted mortality for that disease (from 183 to 139
per 100 000). Furthermore, if there is a causal relation
we might expect a reduction in total mortality
of7%.

CONCLUSION

Our findings provide some support for the notion
that the size of the gap between the wealthy and less
well off-as distinct from the absolute standard of
living enjoyed by the poor-matters in its own right.
This finding in no way diminishes the importance of
measures to alleviate the burden of poverty. None the
less, in an affluent society such as the United States,
reliance on trickle down policies may not be enough-
society must pay attention to the growing gap between
the rich and the poor.
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Appendix: Derivation ofthe Gini coefficient
The Gini coefficient is derived from the Lorenz curve, which
is a graphic device for representing the cumulative share of the
total income accruing to successive income intervals (fig Al).
The curve shows the share of income accruing to households
in the bottom income interval, then the share going to
households in the next income interval (which includes the
previous income interval), and so on. If all incomes were equal
the Lorenz curve would follow the 450 diagonal. As the degree
of inequality increases so does the curvature of the Lorenz
curve, and thus the area between the curve and the 45° line
becomes larger. The Gini coefficient is calculated as the ratio
of the area between the Lorenz curve and the 450 line divided
by the whole area below the 450 line.

In figure Al the Robin Hood index, also known as the
Pietra ratio,'0 is equivalent to the maximum vertical distance
between the Lorenz curve and the line of equal incomes
(CD-CP). A more straightforward derivation of the index
can be obtained from the tenths of an income distribution as
shown in the example in table Al.
The Robin Hood index may also be calculated by summing

the percentage of income for each tenth of an income
distribution where the percentage exceeds 10% and subtract-
ing from this the product of the number of tenths that meet

B

E~~~~~~~~~~~~~~o
E Robin Hood

index
15
C C

El I

Cumulative percent:age of households
Fig Al-Derivation of the Robin Hood index from the
Lorenz curve and the Ginicoefficient

this criterion times 10%. In this case four of the tenths (7-10)
exceed IO%, so the Robin Hood index
=(10-83%+ 13-09%+ 16 41%+29 930%)-(4x I10%)
=70X26%-40%
=30-26%.
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Correction

Alcohol consumption, serum low density lipoprotein
cholesterol concentration, and risk ofcoronary heart
disease
Two editorial errors and a typesetting error occurred in this paper
by Hans Ole Hein and colleagues (23 March, pp 736-41). The last
sentence in the penultimate paragraph under results (p 739)
should have read: "This agrees with Rimm et al, who found that
the use of strong spirits seemed to be more strongly associated
than the use of wine with a decreased [not an increased] risk of
ischaemic heart disease." In table 3 the number (percentage)
of men with no event should have read 287 (11) [not 287 (4)],
and in table 5 the number (percentage) of men who died from all
causes and regularly took medicine should have read 127 (48) [not
127 (40)].
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